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The belief underlying the dietetic treatment of diabetes  has been 
that the disorder consists in the weakness of a bodily function, which 
is broken down by overstrain and spared or strengthened by rest.  A 
coexistent  and  equally  firmly rooted  belief  has  been  that  some  or 
perhaps most human cases are inherently progressive, on account of 
continuing  toxic,  infectious,  or  undetermined  factors,  so  that  they 
become worse and lead to death after a longer or shorter time in spite 
of  dietary  restrictions.  Attention  was  previously  directed  1 to  the 
importance of  determining this  point positively in  dogs, which  are 
free  from  constitutional  tendencies.  This  fundamental  question  of 
the possibilities and limitations of injuring assimilation and shorten- 
ing life by overfeeding and improving tolerance and lengthening life 
by restricted diet was not fully settled by the experiments of Thiroloix 
and  Jacob  s  or  the  present writer, and papers  to  follow will be  de- 
voted particularly to this subject.  Microscopic changes will be men- 
tioned briefly here and treated more completely later. 
E.~ect of Starch-Rich Diet. 
Dog B2-65.--Female;  mongrel;  black,  slightly shaggy; age  5  years;  rather 
thin; weight 17.5 kilos. May 25, 1914.  Removal of pancreatic tissue weighing 
28.9 gm.  s  Remnant about main duct estimated at 3.4 gra. (~-~r~).  The urine 
t  Allen,  F. M., Studies  concernln~  glycosuria  and diabetes,  Cambridge, 1913, 
Chapter  X. 
s Thiroloix, ]., and Jacob, Bull. et m~,n. Soc. m~d. hOp. Paris,  1910, xxi~, series 
3, 492; xxx, series 3, 29, 656. 
s All operations were performed under ether anesthesia. 
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remained sugar-free on fasting till May 29.  Bread and soup diet was then begun, 
and glycosuria continued absent till June 2, after which date it was continuous. 
Bits of pancreatic tissue were removed by operations on June 15 and July 9 without 
apparently altering  the steady downward progress.  Glycosuria increased;  at the 
outset it was as low as 1.5 per cent in 200 cc. of urine for 24 hours, at the end as 
high as 9.1 per cent in 2,415 cc. of urine.  From July 23 to 28, the sugar  was only 
once below 14 per cent, being thus exceptionally high in percentage.  The animal 
remained  in good spirits,  but the weight  diminished  to 9 kilos, with correspond- 
ing loss of strength.  Death occurred from weakness on July 29. 
Autopsy.--Except  for the emaciation,  the autopsy was entirely negative.  The 
pancreas  remnant weighed 3.35 grn.  The samples  of pancreatic tissue  for June 
15, July 9, and autopsy showed normal acini  and successive stages of hydropic 
degeneration  of islands, involving finally a marked reduction in number and size 
of islands but by no means complete disappearance. 
This record may be considered typical of the rapidly fatal course of 
this form of experimental  diabetes  on starch-rich diet,  corresponding 
to the rapid emaciation and death in the severest human cases when 
entirely  untreated,  though  the  process  is  generally  more  rapid  in 
dogs than in patients. 
Breaking Down  Tolerance with Glucose. 
Dog B2-31.--Female;  bull-terrier;  white;  age 2 years; good condition; weight 
I1 kilos.  Dec. 23, 1913.  Removal of pancreatic tissue weighing 19 gin.  Rem- 
nant about main duct estimated at 2.6 gin. @-~).  Subsequently,  bread feeding 
caused only a fraction of a per cent of glycosuria, which ceased and remained ab- 
sent even on addition of glucose, until the quantity of glucose reached 200 gin. 
daily.  Glycosuria ranging from 2 to 5.5 per cent in the mixed 24 hour urine of 
each day continued on the diet of bread and soup with glucose as stated till Feb. 
12, 1914.  The diet was then changed to meat ad libitum.  Glycosuria steadily d i- 
minished during the succeeding days, till on Feb. 20 it was only 0.22 per cent and 
was evidently on the point of disappearing.  The bread and glucose diet was re- 
peated, with heavier glyc0suria  than before (up to 5.8 per cent in 24 hour urine 
of 2,470 cc,), until Feb. 26.  The diet of meat ad libitum was then resumed, with 
the result that glycosuria fell as low as 0.9 per cent in 367 cc. of urine on Feb. 28, 
but rose to 6 per cent in 1,090 cc. of urine on Mar. 6.  The condition thereafter 
was severe diabetes,  and the animal was used for therapeutic tests, stringent reg- 
ulation of diet and weight being necessary to keep glycosuria absent. 
This animal was specially suited  for the purpose because of an un- 
usually  voracious and  unfailing  appetite  and  a  natural  fondness for 
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a  time.  Animals  and patients  alike can  evidently bring  on diabetes 
by gluttony, particularly in starch  and sugar, when a  certain degree 
of predisposition exists. 
Indigestion  and diarrhea  check  the carbohydrate  excess  and  pre- 
vent diabetes in many animals,  and strong digestive power facilitates 
the production of experimental and doubtless also of clinical diabetes. 
Talcum powder mixed with the food, in quantities up to 100  gm. or 
more daily, has been the chief means used to control diarrhea.  The 
innocuousness of talcum in any amount or duration for such experi- 
ments suggested its introduction later as a flour for making pancakes 
for some patients on extremely low diets. 
The downward progress of human diabetes can be further imitated 
in that  the disease in dogs can be made slow or rapid as desired by 
varying the kind  and quantity of food.  Like  human  patients these 
dogs never regain  a  tolerance  for food equal to that which  they pos- 
sessed before the damage  from overfeeding occurred. 
The plan of breaking down tolerance with the largest feasible quan- 
rifles of starch and glucose immediately after operation is of practical 
importance  for securing diabetic dogs with the largest possible pan- 
creas remnants,  and hence with the best possible digestive power and 
vigor.  Knowledge of animals  and  skill in  managing  their  diets are 
important  for success in producing the most valuable test objects for 
diabetic research; namely, dogs which eat and digest well and appear 
normal in all respects except for the desired degree of diabetes.  The 
best results require that  the investigator should give personal atten- 
tion to this work. 
Dog Bg-80.--Female; mongrel; black and white; age 3 years; very good con- 
dition; weight 17 kilos.  Nov. 17, 1914.  Removal of pancreatic tissue weighing 
25.7 gln.  Remnant communicating with both ducts estimated  at 7.1 gln. (i-b). 
The dog was specially valuable, because with this large pancreas remnant immedi- 
ately after operation she had a tendency to slight glycosuria on plain bread and 
soup diet, and was easily kept glycosuric by the addition  of small quantities  of 
glucose.  After a period of sugar freedom on meat diet,  the dog was loaned to 
another laboratory,  and was returned  with the statement that she could not be 
made diabetic.  Trial with increasing dosage of glucose showed that glycosuria 
actually remained absent with such quantities  as could voluntarily be eaten, and 
there was danger here as in many cases with large remnants  that spontaneous 
recovery of assimilation due to the delay might spoil the opportunity for diabetes. 384  EXPER1-M~NTAI. DIAB~TI~.S  o  I 
Accordingly, beginning Apr. 24,1915, 500 gin. of glucose were given daily.  Diarrhea 
was controlled by the use of bone-meal  and talcum powder, and any portions of 
the sweetened  bread and soup mixture left uneaten were made into firm balls 
and fed forcibly.  Only a 5 day period of this excessive dosage was necessary be- 
fore it became possible to reduce  the quantities with continuance of glycosuria. 
The animal was later overfed with protein and fat so as to bring on severe dia- 
betes and acidosis.  Aug. 14.  Died in coma. 
Autopsy.--The dog possessed abundant fat at death, like some human patients 
dying of acidosis.  The body weight was 17.25 kilos, the weight of the pancreas 
remnant 13.5 gin.  Its tissue was soft, normally lobulated and free from fibrosis, 
but microscopically consisted of unbroken expanses.of acini.  Rare small clumps, 
apparently of alpha cells, were the only remains  of islands.  Many small ducts 
showed appearances  like vacuolation. 
Unsuccessful  A ttempts to Break Down Tolerance. 
Dog B2-O2.--Female; Boston terrier; brindle; age 1½ years; weight  10.5 kilos. 
This dog was received  Oct.  25, 1913, and was used for various experiments,  es- 
pecially the removal of successive portions of pancreas tissue, until an operation 
on Dec.  10,  1914 at length  produced diabetes.  Glycosuria  was present  up  to 
Dec.  23 on plain bread and soup feeding.  It could readily be produced there- 
after by the addition of glucose.  But the dog was exceptionally  dainty in appe- 
tite, would eat only limited  quantities of bread, had a strong distaste for sugar, 
and vomited readily and persistently if forcibly fed.  The potential diabetes con- 
tinued,  as proved by the easy production of glycosuria  by occasional  glucose 
feedings and the low tolerance for glucose subcutaneously, but active symptoms 
could never be maintained.  Aug. 31, 1915.  A bit of pancreas tissue was removed 
for examination.  The  condition  thereafter was unchanged,  namely absence  of 
glycosuria with bread diet, also with the addition of 100 gin. of glucose, but glyco- 
suria with the addition of 200 gm. of glucose; and all such attempts were termi- 
nated within a few days by refusal  and vomiting.  On  mixed diet of bread and 
meat the dog continued  in full health  at the original weight of 10.5 kilos, until 
death from rabies,  Sept.  19, 1916. 
Of numerous  animals in which the determining influence of appetite upon the 
occurrence  of diabetes  was observed,  this one  afforded  the  most  striking  anti- 
thesis  to  Dog  B2-31  above  mentioned.  The  actual  assimilative  power  was 
much lower, in consequence of operation,  in this  dog than  in  Dog B2-31,  and 
the eating habits were alone responsible for the opposite  results. 
Autopsy.--The pancreas  remnant weighed 6.8 gin.  Grossly it was normal in 
appearance and  consistency,  and  microscopically  the  acini  were  fully normal; 
but occasional small fibrous trabecul,~ and a general scarcity of islands indicated 
a previous inflammation  as the probable cause of the potential diabetes with such 
a large remnant of pancreatic tissue.  Also the island cells, both on Aug. 31, 1915, 
and at autopsy, showed numerous  suggestions of vacuolation,  generally so slight FREDERICK  M.  ALLEN  385 
as to be doubtful.  These anatomic findings are of importance in connection  with 
the question discussed below of the probable ultimate outcome of such a  diet in 
such an animal. 
Dog B2--Sd.--Male;  short haired mongrel; cinnamon  and black; very old, obese, 
and phlegmatic, but vigorous and active; weight 32.4 kilos.  Apr. 7, 1914.  Re- 
moval of pancreatic tissue weighing 48.9 gin.  Remnant about main duct esti- 
mated at 12.4 gin. (t).  The dog was inordinately  greedy, but had no glycosuria 
even from the largest amounts of bread and soup which he ate.  Apr. 19.  This 
diet was increased by 250 gin. of glucose, with resultant glycosuria of 1.25 per 
cent, which steadily diminished to 0.2 per cent on Apr. 23.  The glucose was 
then increased to 300 gin. daily, but nevertheless glycosuria was absent there- 
after.  It was possible to continue heavy glucose feeding with only a few days of 
intermission to avoid anorexia, indigestion, or diarrhea.  The bread was ordi- 
narily not weighed, but on certain test days the dog eagerly ate as much as 1 kilo 
of dry bread and 800 gin. of glucose.  The average bread ration was nearer 500 
gin., but 400 to 600 gin. of weighed glucose were taken with this.  No other dog 
in the series was willing to eat or able to digest such quantities of carbohydrate, 
and advantage was taken .of this peculiarity in order to test whether diabetes 
might ultimately result from such a  load upon the carbohydrate metabolism. 
Glycosuria was rare  and slight.  Gain in tolerance was also indicated by tests 
on May 4 and 13.  On each of these dates the dog was fed 400 gin. of bread, 200 
gln. of glucose, and 500 cc. of soup, and the urine and plasma sugars were followed 
as shown in the accompanying table. 
Dog B2-86. 
Date. 
1914 
May  4 
Time. 
Before feeding. 
½  hr.  after feeding, 
1½ hrs.  "  " 
2½  "  "  " 
3½  "  "  " 
4½  ...... 
6  "  "  " 
8  ~t  ~l  tL 
9  "  "  " 
11  "  "  " 
13  "  "  " 
14  "  "  " 
16  "  "  " 
24  "  "  " 
?lasma 
sugar. 
Urine. 
Volume.[ Sugar. 
~¢r cent  co.  ] per ten 
! 
0.089  376  [ 0 
I 
0.19~  12  IFaint 
0.28~  15  0.52 
0.298  21  [0.52 
0.357  14  1.76 
0.47~  80  3.53 
0.43~  75  3.61 
0.40C  95  3.22! 
0.27(  55  ] 2.22 
0.294  45  " 1.81;  I 
0.26~  3  I 0.96 
0.15~  100  [ 0.70' 
0.09S  40  i 0  I 
0.062  143  [ 0 
Date 
191~ 
vIayJ 
Plasma I  Urine. 
sugar.  :Volume.  Sugar. 
per cent  co.  Per ~n~ 
0.0991 123  0 
0.1961  6  0 
0.1561  5  0 
0.19212drops Faint. 
0.2321  25  0.62 
0.2851  25  1.22 
0.2701  25  1.13 
0.2861  35  1.00 
0.2501  75  0.55 
0.1761 110  Faint. 
0.0981 155  0 
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The poor prospect of overcoming the increased tolerance by higher doses of 
carbohydrate was indicated by a shorter test on July 21. 
Dog t32-86. 
Date. 
191"4 
july 21 
Time.  P  asma  *'fin  u  ar I  f~gar,  u  es  g  . 
per cent  per cent  I 
Before feeding.  0.124  I  0  f 
2 hrs. after feeding.  0.147  ]  0  [ 
7  "  ....  [o.141  I  0  I 
Remarks. 
Fed  400  gin. of  bread  with  500 
gin. of glucose. 
Aug. 7.  Removal of a bit of pancreas was attempted.  The remnant was ex- 
cessively congested; stubborn oozing prolonged the operation a little, and the dog 
died under the operation.  The pancreatic congestion was not necessarily asso- 
dated with the sugar feeding, for it has been found in occasional dogs under other 
conditions.  The easy death from ether or shock may have been due to injury 
from the glucose, though the animal seemed as well and strong as ever, or merely 
to senility and obesity. 
Autopsy.--The  pancreas remnant weighed 24.8 gm. and the tissue including 
the islands was normal in all respects.  The hypertrophy of the remnant was 
thus accompanied by recovery from diabetes to such an extent that no apparent 
injury resulted from the most excessive gluttony in carbohydrate for 4 months. 
The intact state of the islands was evidence that more prolonged carbohydrate 
excess could not have caused a lowering of tolerance, which is due to hydropic 
degeneration of the islands as formerly described. 
Repeated Operations. 
It is a  familiar and  readily  comprehensible  experience  that  glyco- 
suria may be absent  or transitory on the highest possible starch and 
sugar feeding,  and  that  the  diabetes which  could  not  be induced  by 
diet  is  brought  on  by the  removal of  an additional tiny fragment of 
pancreas.  An example was previously given.  4  Others are mentioned 
in the preceding paper.  5  It is there seen that 0.3 gin. of tissue in the 
case of Dog  C3-45, or 0.22  gm. in the final operation of Dog B2-63, 
sufficed  to  make  the  difference  between  diabetes  and  its  absence. 
Certain  points  will  be  further  developed  by  giving  a  summary  of 
individual protocols. 
4 Allen,t  p. 486, Dog 176. 
s Allen, F. M., J. Exp. Med., 1920, xxxi, 375, "Remarks" column of Table IV. FREDERICK M.  ALLEN  387 
Dog B2-63.--Male;  mongrel; brown and white, shaggy; age 6 years; slightly 
thin; weight 24.4 kilos.  May 22,  1914.  Removal of pancreatic tissue weighing 
41.6 gin.  Remnant about main duct estimated at  7.4 gm.  (~-Jt).  Glycosuria 
was continuously absent on a diet of beef lung up to June 23.  The diet was then 
changed abruptly to bread and soup.  Glycosuria of 0.2 per cent in 1,140 cc. of 
urine was present on June 24, but ceased immediately.  June 29.  100 gin. of 
glucose were added,  with resultant  glycosuria of 0.52  per cent in  1,185  cc. of 
urine; this also ceased immediately.  Similar transitory traces of glycosuria fol- 
lowed the increase to 200 gm. of glucose on July 1, to 300 gin. on July 8, and to 400 
gin. on July 30.  On Aug. 3 (after more than a month of continuous bread and 
glucose diet) the attempt to produce diabetes by feeding was abandoned, and the 
dog was used for phlorizin experiments. 
Nov. 6.  An additional 1.32 gm. of pancreatic tissue was  removed,  the body 
weight being then 23.9 kilos.  Nov. 23.  The urine was still sugar-free on bread 
and soup diet;  100 gin. of glucose were given by stomach tube before feeding. 
This procedure caused moderate glycosuria on this day, less on the next day," and 
none on the following days.  Nov. 28.  The glucose feeding was stopped.  There- 
after on plain bread and soup diet, slight to moderate sugar reactions appeared 
on Dec. 1, 8, 9, 10, 12, and thenceforth continuously to Jan. 3, 1915.  The occur- 
rence of glycosuria at first was governed by the quantities of bread eaten, the dog 
being hungrier on certain days.  This lowering of tolerance on prolonged carbo- 
hydrate diet took place notwithstanding a  loss of body weight to 22.7 kilos on 
Dec. 12.  Glycosuria ceased with a single fast day on Jan. 3, and thereafter was 
:continuously absent on a diet  of beef  lung ad libi~m.  Mar.  30.  Weight  22 
kilos; the only food given was 200 gin. of bread (weighed dry, and moistened with 
soup before feeding).  The result was glycosuria of 0.87 per cent in 860 cc. of 
urine.  Several other tests as mentioned below, to compare the assimilation  of 
different starches, indicated a similar lowering of tolerance.  As the dog did not 
thrive on the monotonous lung diet, the weight gradually fell, reaching its lowest 
level of 17.9 kilos on June 26.  Corresponding to this marked decline in weight 
was a rise in tolerance, so that 200 gin. of bread no longer caused glycosuria; also 
on July 6, at a body weight of 18.75 kilos, the sugar in the blood plasma after 
ingestion of this quantity of bread rose only to 0.143 per cent.  The diet was then 
•  changed to lung and suet ad libiMrn; the body weight gradually rose to 27 kilos 
in Aug. and Sept.  The dog proved able to take 200 gin. of bread in addition to 
the usual diet, and on Sept. 20 the diet was changed to bread and soup with suet. 
Glycosuria remained absent, with the exception of 0.34 per cent on Oct. 7 and 0.32 
per cent on Oct.  10.  The body weight gradually rose, until by the middle of 
Nov. the animal was obese at a weight of 30.9 kilos.  Nov. 16.  Slight glycosuria 
appeared, and increased on Nov. 17.  With 1 day of fasting and 1 day of exercise, 
glycosuria ceased and remained absent, on a  diet of bread and soup, while the 
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Nov. 30.  Weight 30 kilos; pancreatic tissue weighing 0.36 gm. was removed. 
During the ensuing week traces of glycosuria  occurred on bread and soup diet, 
though the dog ate poorly.  Fasting was then imposed from Dec. 7 to 16. 
Dec. 16.  Weight 24.25 kilos.  The animal was given all the bread and soup 
he would  eat.  Heavy glycosuria  appeared (hunger glycosuria),  diminishing  to 
faint glycosuria on the following day and remaining absent thereafter, except/or 
a trace of 0.14 per cent on Dec. 31.  The weight slowly fell to 23 kilos by the 
middle of Feb. 
Beginning  on Feb. 14, 1916, at this weight, 200 gm. of glucose were added to 
the bread and soup diet.  On this day there was glycosuria of 0.37 per cent, which 
ceased immediately.  Beginning Feb. 18, 100 gin. of lard were added dally tothe 
bread and glucose diet.  The weight rose to 24.7 kilos by Feb. 26, while glyco- 
suria remained absent.  On this date the dog was changed from the warm room 
to an outdoor cage.  On the identical diet traces of giycosuria were continuous 
for a  few days, as will be  described in a subsequent  paper.  The weight was 
meanwhile falling to 23.4 kilos, and on Mar. 4 to 6 an increase to 400 gin. of glu- 
cose produced no more than 0.45 per cent glycosuria in 600 cc. of urine. 
Mar. 7.  Pancreatic tissue weighing 0.22 gin. was removed.  Thereafter bread 
and glucose feeding maintained glycosuria without difficulty.  Mar. 27.  An ad- 
ditional 0.8  gin.  of pancreatic tissue was  removed.  Apr.  2.  Death  occurred 
from peritonitis. 
Aut~psy.--The pancreas remnant weighed 12.3 gin. 
Microscopically,  the important feature was  the  existence of vacuolation of 
island cells throughout the series of pancreatic specimens,  very slight and scarce 
in the operations of Nov. 6, 1914, Nov. 30, 1915, and Mar. 7, 1916, and decidedly 
more advanced on Mar. 27, 1916, and at autopsy. 
The clinical course, especially with consideration of the shorter life 
of a  dog, bears a resemblance to a prolonged mild case of human dia- 
betes.  The  vicissitudes  and  fluctuations of  tolerance might  appear 
superficially as bizarre and accidental, but comparison with numerous 
other examples furnishes a  rational explanation for each change. 
The factors to be observed particularly as influencing the tolerance 
are the diet, the body weight, and the natural reparative power.  In 
brief, it will be noticed that up to January,  1915, heavy carbohydrate 
feeding reduced  the  tolerance,  even though  the  urine was  generally 
sugar-free and  even though  the  body weight  fell.  This lowering of 
assimilation was still perceptible on March 30, but with  carbohydrate- 
free diet and further decline of weight, the tolerance in June and  July 
was  found higher,  and in September the animal was able to live on 
bread without glycosuria.  The body weight was  then increased  by FREDERICK M. ALLEN  389 
the addition of fat to the diet.  Evidence of actual reparative power 
in the pancreas was afforded, for the improved assimilation continued 
even at higher weights than before.  But when in November the ani- 
mal became obese at a weight above 30 kilos, decided glycosuria ap- 
peared.  The same combination is evident in the operation of No- 
vember 30 and the subsequent fast.  The loss of 0.36 gm. of pancreatic 
tissue was more than counterbalanced by the reduction to 24.25 kilos 
in weight; but the genuineness of the reparative process is proved by 
the  higher  tolerance  and  weight  as  compared with  the  preceding 
March. 
The  reparative  process  mentioned may  be  associated  with  the 
marked hypertrophy of the pancreas remnant.  The recovery, how- 
ever, was overbalanced by the subsequent removal of 0.36 and 0.22 
gm. of additional pancreatic tissue.  The newly formed tissue there- 
fore could not be functionally equivalent to the original tissue. 
Even though no obvious clinical injury seemed associated with the 
carbohydrate excess preceding November 6, 1914, or with the obesity 
of November, 1915, or with the carbohydrate excess prior to March 
7,  1916, the microscopic examination demonstrated injuriously over- 
taxed island cells  at  all these times.  The downward progress clin- 
ically would doubtless have been still more evident if it had not been 
checked at certain periods as mentioned, and also if the observations 
had been extended for a  still longer time.  This downward progress 
is fully comparable with that of mild human cases treated on the lax 
plan of merely keeping the urine sugar-free most of the time, and it 
cannot properly be called spontaneous. 
It will bear repeating that experiments of this sort require prolonged 
careful attention  to  the  diet  and  all  other  details.  Care  must be 
taken that the animal likes his food and eats it, that he does not suffer 
from diarrhea or other illness, and that the regularity of his program 
shall equal that of diabetic patients whom he is supposed to imitate. 
Even so, only a minority of dogs thrive under the conditions and are 
adaptable to changes of diet and weight as desired.  Therefore they 
are generally obtainable only by trial and choice among a  consider- 
able series of dogs.  The best ones, which prove capable of such a 
delicately balanced tolerance and such close reproduction of clinical 
conditions, represent much labor and are useful for many experiments. 390  EXPERIM-ENTALDIABETES.  I 
Dog C3-27.--Female; mongrel; yellow;  age 4  years; good condition; weight 
16.25 kilos.  July 8, 1915.  Removal of pancreatic tissue weighing 34 grn.  Rem- 
nant about main duct estimated at 4.4 grn. (~).  The subsequent condition was 
mild diabetes.  Glycosuria was repeatedly produced by feeding 50 or 100 gm. of 
bread, or on certain occasions by large diets of beef lung.  Also at the time of 
these tests the weight was down to approximately 15 kilos.  Beginning Oct. 1, 
the diet was 500 gm. of beef lung and suet ad libitum.  Dec. 1 to 5.  The addi- 
tion of 100 gm. of bread caused daily glycosuria not above 0.42 per cent in 450 
cc. of urine, the weight then being 19.8 kilos.  On omitting the bread the glyco- 
suria ceased.  Beginning Feb. 14, 1916, the addition of 100 gin. of bread produced 
no glycosuria.  Feb. 23.  The diet was changed to bread and soup.  Feb. 25. 
100 gin. of glucose were added to this diet, causing glycosuria of 0.63 per cent in 
940 cc. of urine for 1 day.  Glycosuria then ceased and could not be restored, 
though the glucose dosage was 200 gin. on Feb. 27, 300 gin. daily from Feb. 28 
to Mar. 4, and 400 gin. daily to Mar. 9, when the attempt had to be abandoned 
because of distaste for the bread and glucose mixture.  The dog meanwhile had 
become obese, reaching the maximum weight of 21 kilos. 
Mar. 9.  An additional 0.9 gm. of pancreatic tissue was removed.  Bread diet 
caused no glycosuria on the following days.  Beginning Mar. 13, 200 gm. of glu- 
cose were added daily, with negative urine till Mar. 16, when heavy glycosuria 
suddenly appeared.  This continued after glucose was discontinued on Mar. 21. 
The subsequent course was downward progress on mixed diet to death in coma on 
Apr. 22. 
Autopsy.--The pancreas remnant consisted of normal appearing tissue weigh- 
ing 7.8 gin.  Islands of Langerhans were very large and abundant but maximally 
vacuolated. 
In the tissue removed at operation on Mar. 9, the islands were free from any 
visible abnormality. 
Genuine  recuperation  of  function  in  the  pancreas  remnant  was 
demonstrated  by the  double  evidence of markedly increased  carbo- 
hydrate tolerance at a higher body weight, up to March 9.  In view of 
the facts that the dog's digestion could not bear further prolongation 
of the high glucose feeding, that  the islands at that  time showed no 
sign of vacuolafion, and that the tendency to recovery was so mani- 
fest, it is improbable that diabetes could have been brought on by any 
l~ind or duration of feeding. 
This recovery of function corresponded to a  marked hypertrophy 
of the pancreas remnant, which doubled in size.  The great abundance 
of  islands  found  in  numerous  slides  indlcated  that  they underwent 
hyperplasia  which  fully paralleled  that  of  the  acini.  Nevertheless, 
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only 0.9 gin. of additional tissue.  The new formed tissue was there- 
fore not equal to the original tissue in functional capacity. 
The reason for the recovery of assimilative power,  to such an ex- 
tent that a  second operation was required, lay in the long interval of 
sugar freedom granted to the animal after the first operation.  If the 
pancreas remnant is of the large size which is most desirable, a  dog 
should be subjected to occasional periods of glycosuria to prevent the 
tolerance from rising too high.  Only after the diabetic condition has 
been thus maintained for months or years can the animal be trusted 
to remain permanently diabetic without this  precaution.  The  exis- 
tence of a considerable recuperative power at the outset, and the feeble- 
ness or absence of this power in the later stages,  correspond closely 
to the well known facts in human diabetes. 
By comparison with numerous other dogs, it may safely be assumed 
that  carbohydrate overfeeding after  the first operation would have 
sent  this animal rapidly into severe diabetes.  A  carbohydrate-free 
diet, with limited protein so as to keep the urine sugar-free, permitted 
recovery of tolerance, even though the fat ration was so high as  to 
produce obesity.  Provided that a  recuperative power exists in the 
pancreas, such a  diet evidently affords opportunity for recovery and 
is  far less  harmful than  an  excessive carbohydrate diet.  This fact 
was abundantly demonstrated by the benefits of the classical treatment 
in human cases, and is confirmed by similar observations in dogs. 
Dog C3-45.--Female; mongrel; yellow;  age 4 years; moderately well nourished; 
weight 10,8 kilos.  Nov. 19, 1915.  Removal  of pancreatic tissue weighing  23.8 
1--1  gm.  Remnant  about main duct estimated  at 3.7  gm.  (~  ~).  Glycosuria  re- 
mained absent with fasting up to Nov. 23.  Feeding of bread and soup then 
brought on heavy glycosuria.  Nov. 27.  The diet was changed to beef lung; 
glycosuria  progressively  diminished, and was absent on Nov. 30.  Dec.  1.  Heavy 
sugar (4.45 per cent in 380 cc. of urine) returned on bread diet, then stopped after 
2 days of lung diet.  Dec.  6.  The dog was loaned to another laboratory, where 
she remained for a time on diets which caused little or no glycosuria.  Mar. ! 6, 
1916.  The dog was sent back with the report that she was not diabetic.  On 
this date the feeding  of bread and soup with 300 gin. of glucose caused excretion of 
1.6 per cent sugar in 528 cc. of urine; but the appetlte and digestion of the dog 
could not endure continuance of this sugar dosage, and glycosuria therefore re- 
mained absent till Mar. 27.  The body weight during this time was 11.3 to 11.6 
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Mar.  27.  Pancreatic tissue weighing  0.3  gin.  was removed.  Glycosuria re- 
mained absent with fasting for 2 days.  Mar. 29.  Bread and soup diet caused 
faint glycosuria, which became heavy (4.4 per cent in 2,000 cc. of urine) on the 
addition of 50 gin. of glucose.  After Apr. 2, it continued heavy on plain bread 
and soup diet, and the dog was kept in a condition bordering on" glycosuria there- 
after.  Glycosuria was absent on restricted  diet, but always returned promptly 
on feeding bread or too much meat, and there was no further tendency to any 
marked recovery of tolerance.  The animal was sent to another laboratory on 
july 1o. 
The noteworthy feature is that the considerable recovery of toler- 
ance in this case was overbalanced by the removal of 0.3 gin. of addi- 
tional  tissue,  and  that  this  tiny bit of pancreas made  the  difference 
between diabetes and its absence. 
Dog C3--86.--Female;  mongrel; brown; age 3 years; good condition; weight 15 
kilos.  Apr. 28, 1916.  Removal of pancreatic tissue weighing 33 gin.  Remnant 
about main duct estimated at 2.9 gin. (~--~).  Appetite was poor and weight was 
lost rather rapidly after operation.  Glycosuria was absent on bread and soup 
eaten in small quantities, but present on the addition of 50 gin. of glucose.  Sugar 
freedom on bread diet continued till May 22.  Thereafter, 100 gin. of glucose 
were given by stomach tube before feeding each day.  There was giycosuria of 
1.8 per cent in 670 cc. of urine on May 23, 0.42 per cent in 312 cc. of urine on May 
24, and none thereafter.  Failing appetite compelled the stopping of glucose on 
June  11.  Perhaps because of larger eating of bread and soup,  glycosuria re- 
appeared on June 15, the body weight being 13.5 kilos. 
On that date 0.2 gin. of pancreatic tissue was removed, and at operation it was 
estlm~ted that no hypertrophy of the remnant had occurred.  The specimen was 
normal microscopically except for vacuolation in a very few cells of the abundant 
islands.  Subsequently the dog proved vigorous up to death  on  Dec. 12,  1917. 
The pancreas remnant was soft and appeared normal, and its low weight of  1.6 
gm. was perhaps partly due to the fact that emaciation had reduced the body 
weight to 6.4 kilos. 
The apparently high  tolerance in  this dog was due  to poor  eating 
and loss of weight.  For the best diabetic experiments it is  essential 
that the dogs should have good appetite and health in other  respects. 
Dog C3-98.--Male; mongrel; brindle; age 2 years; moderately well nourished; 
weight  13.4 kilos.  June 8,  1916.  Removal of pancreatic tissue weighing 25.8 
gin.  Remnant about main duct estimated at 2.1  gm. (Tt~).  Diabetes was con- 
trolled by diet, but its existence was demonstrated by the fact that during 2 
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The tolerance  was spared by diet until Nov., when the body weight ranged slightly 
above and below 12 kilos.  Bread and soup diet then failed to bring on glycosuria, 
and during the month Nov. 21-Dec. 21 the daily addition of 200 or 300 gm. of 
glucose also failed. 
Dec. 21.  Additional pancreatic tissue weighing 0.85 gm. was removed, the 
body weight being 11.25 kilos.  The dog was unwell thereafter, with diarrhea and 
poor appetite, so that by Jan. 5, 1917, the body weight had fallen to 9.5 kilos. 
Glucose feeding as  high as  300  gm. daily again failed to produce more than 
transitory glycosuria, though the dog began to regain weight.  Feb. 7.  Weight 
11.4 kilos; the plasma sugar at 11 a.m. was 0.112 per cent.  The usual bread and 
soup mixture with 300 gin. of glucose  was then fed; glycosuria was absent, and 
at 4 p.m. the plasma sugar was 0.111 per cent. 
Feb.  8.  0.5  gin. of  additional  pancreatic tissue was  removed.  Diabetes 
existed thereafter, so that glycosuria  could be produced by plain bread and soup 
diet.  June 4.  Died; the dog was emaciated down to 8.6 kilos, and the pancreas 
remnant weighed 2.95 gin. 
In the tissue removed Dec. 21, vacuolation of island cells was rare if present, 
and so slight as to be doubtful.  Also  on Feb. 8, no positive changes  in the islands 
were demonstrated.  The emaciation preceding death was due to other causes 
than diabetes, and there was no vacuolation of islands. 
The long interval of freedom from glycosuria following the  first 
operation permitted  actual  recovery from  the  diabetes.  This  was 
associated with hypertrophy of the pancreas remnant, and the new 
formed tissue  seemed  to be  functionally equivalent  to  the  old,  for 
further resection was necessary practically to the same extent as in 
an original operation, even for an animal at the lower body weight. 
As usual, carbohydrate overfeeding did not cause degenerative changes 
in the islands of the non-diabetlc animal, and the potential diabetes 
subsequently in absence of active symptoms was also attended with 
no island changes. 
Glucose Intoxication. 
Glucose overfeeding ordinarily causes no harm in dogs beyond diar- 
rhea  and  loss  of weight.  In  exceptional instances  the  attempt  to 
produce diabetes has ended in death apparently from poisoning by the 
prolonged  excess  of  sugar.  Gastrointestln~l disturbances  have  ap- 
peared  sometimes as  a  prominent cause, and sometimes have  been 
absent or trivial.  Though these cases in such a  resistant species as 
dogs are not positive, the genuineness of glucose intoxication is  con- 
firmed by fatalities in feebler animals, such as rabbits and  monkeys, 
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Dog B2-48.--Female; mongrel; yellow and white; age 4 years; good condition; 
weight 14.75 kilos.  Mar.  19, 1914.  Removal of pancreatic tissue weighing 22.5 
gin.  Remnant  about  main  duct  estimated  at  4.7  gin.  (~).  Glycosuria being 
absent on bread and soup diet, on Mar. 30, 200 gin. of glucose were added; the 
amount was increased on Apr. 1 to 300 gm.  As the dog did not like this mixture, 
on Apr. 9 a mixture of chopped meat, bone-meal, and glucose was substituted, the" 
latter in  dosage of 200 or oftener  300  gin.  daily.  The  dog  held weight, with- 
out  glycosuria,  and  seemed  to be  thriving  until  she  was unexpectedly  found 
dead on May 9. 
Autopsy.--No cause of death was found and no organ changes beyond intense 
congestion of the liver.  Though the animal had been dead several hours, 100 gin. 
of liver were taken in boiling potassium hydroxide, but the concentrated extract 
was negative for glycogen.  Microscopically, the pancreas remnant  (weight 6.8 
gm.) and its islands were normal; the liver was strictly normal, except for intense 
congestion, and was not fatty; the other organs were negative.  Death was due 
to some unknown intoxication. 
Dog B2-69.--Male; bulldog; mongrel; white with black head; age 4 years; good: 
condition; weight 19.9 kilos.  May 29, 1914.  Removal of pancreatic tissue weigh- 
ing 36.3  gin.  Remnant about main duct estimated at 9.8 gin.  (~-~).  The  dog 
throve on bread and soup diet.  July 8, 100 gin. of glucose were added, increased 
on July 15 to 200 gin., on July 20 to 300 gin., and on July 30 to 400 gm., the mix- 
ture being improved by the addition of a little chopped meat daily.  The weight 
gradually diminished, but the dog remained lively.  Oct. 20.  Weight 14 kilos; 
there was weakness out of all proportion to the emaciation.  The animal, though 
retaining appetite  and spirits,  could not stand.  Glucose was discontinued and 
meat fed.  Oct. 22.  The dog was still unable to stand, though wagging his tail' 
and making efforts to rise.  On this day was noticed bloody diarrhea, which pre- 
viously had either been absent or too slight to attract attention.  Oct. 23.  The 
animal was found dead. 
Autopsy.--The pancreas remnant appeared normal and weighed 16.1 gin.  The 
stomach and intestines  appeared normal throughout except for a portion 3 feet 
in length beginning 6 feet from the pylorus, where  the mucous membrane was 
deeply injected and ecchymotic.  The liver and other viscera appeared  normal 
without congestion.  There was no noticeable excess or diminution of fluid in the 
brain  or  cord.  Microscopically the  liver,  adrenals,  and  pancreas  were  found 
normal.  As in Dog B2-48, no fat vacuoles were visible in routine stains of the 
liver. 
Dog B2-49,  subjected  to similar prolonged glucose feeding,  died  of 
gas  bacillus  infection,  which  is  rare  in  dogs.  Experiments  with  in- 
fection  of  diabetic  dogs  with  this  organism  will  be  published  later, 
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Comparisons o/Carbohydrates. 
ComparCson of Starch and Glucose.--Numerons observations  have 
made it evident that glucose brings on glycosuria and diabetes more 
actively than starch.  The difference is not merely one of quantity, 
for the addition of 50  or  100 gin. of glucose is sometimes effective 
when no amount of bread feeding avails for glycosuria.  The reason 
for the readier glycosuria from glucose lies evidently in its  quicker 
absorption, and ff distributed in sufficiently small doses  throughout 
the day it would presumably be assimilated as well as starch, as Klem- 
perer showed in human patients.  The most important point here is 
that the sudden glucose flood with its attendant glycosuria is more 
injurious to the pancreatic function than the more gradual and pro- 
longed labor imposed by starch.  It may thus be i~erred that sugar 
is a more dangerous food for human beings with any predisposition 
to diabetes than is starch. 
The question may be raised whether the difference is not merely 
one of time, and whether starch will not bring on diabetes more slowly 
than glucose but just as surely.  As the difference between the two 
is not very great,  experiments need to be performed with full pre- 
cautions that the body weight does not vary, that the preliminary 
tests of the glucose tolerance do not lower the tolerance for starch, 
and  under  other  conditions  of  exactness.  Examples  have  already 
been given in which bread feeding was tolerated for several days be- 
fore  onset  of  glycosuria.  The  feature which  renders longer tests 
peculiarly difficult is the recuperative power of the pancreas, which 
through regeneration reduces the diabetic tendency sometimes to the 
vanishing point,  as  described in preceding protocols.  This  experi- 
mental difficulty strengthens the view of the greater danger of sugar 
for predisposed human individuals, because such power of regener- 
ation as their pancreas may possess will evidently have a better oppor- 
tunlty on starch diet.  The difficulty may by extreme care be over- 
come in very prolonged experiments, in which the animals are kept 
potentially diabetic for so long a time that the regenerative tendency 
largely disappears.  These conditions were fairly well fulfilled in Dog 
B2-02, described above.  This animal could have been made actively 
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feature of incompleteness in the experiment  is  that  death  occurred 
from  rabies  before diabetes  actually ensued on starch  diet,  but  the 
hydropic  degeneration  in  the  islahds  of  Langerhans  demonstrated 
sufficiently that  loss  of  tolerance  was  in  progress  and  diabetes  in- 
evitable. 
The record of Dog  B2-01  from Sept.  to  Dec.,  1916, to  be published  later, 
also shows a downward progress on bread diet, though the diet at first was appar- 
ently assimilated even with the addition of 300 gm. of glucose.  The same result 
is shown in  the  experiments  with'Dogs D4-52 and D4-69, in Paper  3  of this 
series. 6  In the former animal betv~een Aug.  8 and 21, 1917, it was impossible 
to maintain glycosuria on bread diet with 200  gin.  of  glucose, and the sugar 
feeding had to be stopped because  of  the distaste acquired  by the dog for it. 
The tests of blood and urine on Aug. 8 and 15 also indicated a rise of tolerance 
during this  period.  But with continuance  of plain bread  feeding,  glycosuria 
appeared  on Oct.  10, and in a  test with the addition of 200 gin. of glucose to 
the usual bread mixture the excretion was as high as 7 per cent.  Likewise Dog 
D4-69 displayed an apparently increasing assimilation, so that the animal finally 
tired of glucose and the attempt to maintain glycosuria apparently failed.  But 
with continuance of bread feeding, glycosuria began on Oct. 6, and, just as with 
Dogs B2-01 and D4-52, the tolerance proved to be permanently lowered thereafter. 
When the regenerative power of the pancreas is not so great as to 
result in a practical cure of the diabetes, the difference between starch 
and glucose seems to be essentially one of time and degree.  Glucose 
through  its  quicker  absorption  floods  the  body more  suddenly and 
violently, but  starch  works  the  same damage more  slowly but just 
as surely.  This was shown in several  animals through  the onset of 
diabetes, and in one by examination of the islands of Langerhans.  By 
inference, if human diabetes is so mild that glycosuria ceases on with- 
drawal  of sugar without limitation of other  carbohydrate,  it is  not 
correct to treat  the case in this manner or to leave either starch  or 
total calories unrestricted. 
When the regenerative power of the pancreas is sufficient, ~;here is 
a  real difference due to the time element mentioned, and a number of 
examples have already been given of more or less complete recovery 
from diabetes on starch diet by dogs which could readily have been 
made diabetic by forcing of glucose shortly after operation.  Some- 
e  Allen, F. M., J. Exp. Med., 1920, xxxi (in press). FREDERICK  M.  ALLEN  397 
thing similar may conceivably occur in  some  human  patients.  In 
properly  chosen  animals  without  too  strong  a  tendency either  to 
diabetes or to recovery, it is possible to  demonstrate a  recuperative 
attempt by functional tests showing an apparent increase of assimila- 
tion, but the continued overtaxing of the assimilation causes its break- 
down, and recovery to the former extent is never again possible.  A 
similar gain of tolerance is well known in human patients under diet- 
ary restriction in the earlier stages of diabetes, and the warning against 
abusing this recuperative tendency is similar, especially as actual  re- 
covery on the part of human patients has seldom been witnessed. 
Three of the four dogs here mentioned were kept sufficiently long 
to demonstrate that the lowering of tolerance referred to was actually 
the result of the carbohydrate excess and not of any inherent tendency 
in the dogs.  The onset of diabetes was evidently checked bychange to 
protein-fat diets, and especially in Dog B2-01  the tolerance could be 
manipulated up and down by changing the body weight.  It is there- 
fore confirmed that carbohydrate injures the assimilation more rapidly 
and powerfully than any other food.  The later observations show 
also the harmfulness of luxus diets, but these diets are most dangerous 
when they include carbohydrate. 
Comparisons of Starches. 
Experiments were begun to  test  the glycosuric effect of different 
starchy foods, in relation to the hypotheses of certain writers concern- 
ing  carbohydrate  "cures."  Dogs  with  potential  diabetes  of  long 
standing and with fairly stationary assimilative  power were  given 
quantities of carbohydrate corresponding to the limits of their known 
tolerance.  Stale bread was used, with a carbohydrate content roughly 
similar to that of the cereals.  The bread was moistened with water 
after weighing.  The cereals were weighed raw, and then boiled.  No 
other food was given on the test days, and a fixed diet of 1 kilo of beef 
lung was  followed on all  other days.  There was  never  glycosuria 
except on test days. 
On test days approximately 50 gin. of starch were administered to Dog B2-43 
in the following  forms: Dog  B2-43. 
Date.  Food.  Glycosurla. 
1914 
Sept. 10 
"  15 
Oct.  2 
"  10 
"  19 
Oatmeal. 
Rice. 
Potato. 
Bread. 
Pearled barley. 
g~)$° 
0 
5.5 
0 
6.4 
2.3 
The  program  was continued  in  the same animal  by  varying  the  quantities of 
the different  foods, with a  view to  testing the tolerance  for each. 
Date.  Diet.  Glycosuria. 
1915 
Mar. 26 
"  30 
Apr.  1 
"  16 
"  19 
"  20 
"  24 
"  27 
75 gm. oatmeal. 
100  "  " 
200  "  " 
50  "  bread, 1 kilo lung. 
50  "  "  1  "  " 
100  "  "  1  "  " 
100  "  " 
100  "  oatmeal. 
May 
4C 
## 
14 
June 
IL 
cl 
3 
5 
10 
17 
25 
1 
8 
15 
26 
100  "  " 
150  "  " 
200  "  " 
200  "  "  1 kilo  lung. 
200  "  rice. 
i00  "  " 
50  "  " 
200  "  oatmeal. 
200  "  rice, 
gm. 
0 
0 
0.7 
Faint. 
0 
Slight. 
3.0 
0 
0 
0 
Faint. 
0 
8.4 
6.4 
Faint. 
3.4 
1.6 
Dog  B2-63. 
Date. 
1915 
Apr.  16 
"  20-23 
"  24 
"  27 
May  3 
"  10 
"  17 
"  25 
June  1 
"  8 
"  15 
"  25 
July  3 
"  6 
Diet. 
50 gin. bread. 
100  "  "  1 kilo lung daffy. 
150  "  "  1  "  " 
150  "  oatmeal. 
150  "  " 
200  "  " 
200  "  "  1 kilo lung. 
200  "  rice. 
100  "  " 
50  "  " 
200  "  oatmeal. 
200  "  rice. 
200  "  bread. 
200  "  " 
Glycosufia. 
0 
Traces. 
1.6 
0 
2.6 
2.3 
1.1 
5.6 
11.7 
Trace. 
0 
0 
0 
398 Dog B2-71. 
Date.  Diet.  Glycosuria. 
i915 
Mar. 29 
"  30 
"  31 
Apr.  1 
"  16 
"  20 
"  24 
"  27 
May  3 
"  5. 
"  10 
"  17 
"  25 
June  1 
"  15 
"  26 
100 gm. bread. 
200  "  " 
Fast day. 
300 gin. bread. 
50  "  "  I kilo lung. 
100  "  "  1  "  " 
100  "  " 
100  "  oatmeal. 
100  "  " 
150  " 
200  "  " 
200  "  "  1  ]~1o lung. 
200  "  rice. 
100  "  " 
50  "  " 
200  "  oatmeal. 
200  "  rice. 
Em. 
0 
11.4 
0 
6.8 
0 
0 
1.4 
0 
Trace. 
0 
8.7 
9.1 
19.3 
18.7 
0 
0 
2.2 
Dog B2-76. 
On test days approT;m-tely 50 gin. of starch were aclmlni~tered as follows: 
Date.  Food.  Glycosuria. 
1914 
Sept. 10 
"  15 
Oct.  2 
"  I0 
"  19 
Oatmeal. 
Rice. 
Potato. 
Bread. 
Pearled barley. 
gm. 
Trace. 
3.1 
1.1 
2.8 
1.2 
Dog B2--81. 
Date.  Diet.  Glycosuria. 
1915 
Mar.  31 
Apr.  1 
"  16 
"  19 
"  20 
"  24 
"  27 
200 gin. bread. 
300  "  " 
50  ~c  ~ 
50  "  "  I kilo lung. 
100  "  "  1  "  " 
I00  "  " 
100  "  oatmeal. 
gm. 
0 
0.73 
0 
0 
2.8 
0.16 
0 
May  3 
"  5 
"  10 
"  17 
"  25 
June  1 
"  8 
"  15 
I00  ~  ~ 
I00  "  " 
200  "  " 
200  "  " 
200  "  rice. 
I00  "  " 
50  "  " 
200  " 
1 kilo lung. 
oatmeal. 
0 
0 
0 
3.8 
5.3 
7.4 
0 
Trace. 
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The claims for the superior assimilability of certain starchy foods, 
particularly oatmeal, have been previously reviewedY  As the claims 
included  some  observations  with  totally  depancreatized  dogs,  the 
above tests were begun upon partially depancreatized animals, which 
more closely resemble human diabetics in digestive power and other 
respects.  They were intended as orientation experiments, to decide 
whether an investigatibn with combined analyses of the food, feces, 
and blood  sugar was worth while.  The  following deductions were 
made. 
Precautions were used against fluctuations of assimilation due to 
changes of body weight, indigestion, diet  in  the interval3  between 
test  days, and  other known factors.  Dog  B2-63  obviously gained 
tolerance toward the close of the experimental period; otherwise there 
was success in the attempt to choose animals with fairly stationary 
tolerance.  In Dog B2-71, a  single fast day on March 31  evidently 
increased the bread tolerance considerably, as shown by comparison 
of  March  30  and  April  1.  With  all  care  against  disturbing  in- 
fluences, the tolerance of the animals shows occasional fluctuations 
from unknown causes,  which would seriously  hamper  accurate  ex- 
periments upon such test objects.  The milder cases of human dia- 
betes, which have been used for comparisons of carbohydrate toler- 
ance, are subject to fully as great fluctuations of tolerance as these 
animals,  and  the  exactness  of  tests  upon  them is  open  to  similar 
question. 
Owing to such accidental fluctuations, the assimilation of oatmeal 
might rarely seem inferior to that of rice, as in Dog B2-43 on June 
15  and  26.  But  the number of observations was great  enough to 
establish the rule that glycosuria from oatmeal was in general much 
less than that from any other carbohydrate.  Generally the dogs ate 
the oatmeal less willingly than other foods, notably bread and rice, 
which caused greater glycosuria.  Even when it was eaten promptly, 
and in the absence of diarrhea, there is the usual question whether the 
absorption is actually equal, and the recognized impossibility of de- 
7  Allen,1 Chapter IX.  Allen,  F. M., Stillman, E., and Fitz, R., Total dietary 
regulation in the treatment of diabetes, Monograph of The Rockefeller Institute 
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termining the rate  of  absorption  or  the  extent  of  fermentation by 
fecal analyses or any other means.  The above findings in dogs are 
similar to the clinical observations on which the oatmeal treatment 
was based,  but  the calorimetric studies of  Du Bois  8 confirmed  the 
more modem  view that the assimilation of oatmeal is not actually 
superior to that  of other starchy foods.  When this more accurate 
method became available, the animal experiments were dropped. 
Carbohydrate fed at the same time with protein in the form of beef 
lung  sometimes caused  slightly  greater glycosuria than  the  carbo- 
hydrate alone.  For example, Dog B2-71  showed slight differences of 
this character with oatmeal on May 10 and 17, and Dog B2-81 with 
bread on April 20 and 24, and with oatmeal on May 17 and June 15. 
But in equally numerous instances it is seen that the glycosuria was 
greater from carbohydrate alone (Dog B2-43, April  20  and 24, May 
10 and 17; Dog B2-53, May 10 and 17; Dog B2-71, April 20 and 24), 
as if the mixture with protein had slowed the absorption of the car- 
bohydrate.  The  observations  are  entirely  contrary  to  the  claim 
that the assimilability of oatmeal is spoiled by simultaneous ingestion 
of meat. 
CONCLUSIONS. 
1.  The injurious effects of excessive carbohydrate diet are demon- 
strable in partially depancreatized dogs, in the same manner as in 
human  patients.  With  severe  diabetes  there  is  rapid  progress  of 
emaciation and weakness and early death. 
2. With  milder diabetes,  there is  frequently  a  transitional  state 
following operation, when the fate depends on the diet.  If the tol- 
erance is spared for a time, recovery sometimes occurs to such extent 
that diabetes cannot be produced by any kind or quantity of feeding, 
but  only by removal of a  small additional  fragment of  pancreatic 
tissue.  The proper degree of carbohydrate overfeeding is important 
in this  early period for producing the most useful type of diabetic 
animals; namely,  those  having  good  digestion  and  general  health 
combined with a permanent lowering of assimilative power, like the 
condffion of human patients. 
s Allen, F. M., and Du Bois, E. F., Arch. Int. Med.,  1916, xvii, 1010. 402  EXPERr~r~.~rAL  DIABETES.  I 
3.  In the early stage, glucose is more powerful than starch in pro- 
ducing diabetes, and animals which are progressing toward complete 
recovery on starch diet can be sent into hopeless diabetes by admix- 
ture of glucose.  The difference seems to be merely of the rate  of 
absorption, and indicates that a  rapid flood of carbohydrate is more 
injurious to the pancreatic function than a slow absorption.  When- 
ever  permanent  diabetes  is  present,  so  that  complete  recovery  is 
impossible, starch brings on glycosuria more slowly than sugar, but 
just as surely.  The difference in time in different cases amounts to 
days, weeks, or months.  The clinical lesson from such experiments 
is that even if a patient becomes free from glycosuria on withdrawal 
of sugar only, nevertheless other foods should also be limited. 
4.  No significant differences were observed between the assimila- 
tion of different starches, or  any extreme  lowering of  the carbohy- 
drate  tolerance by  proteins,  such  as  alleged  by  certain  writers  in 
connection with the "oatmeal cure." 
5.  Repair of traumatic inflammation and hypertrophy of the pan- 
creas remnant have been mentioned incidentally as the basis of the 
early tendency to recovery, and also hydropic degeneration of Lang- 
erhans islands as an accompaniment of the lowering of tolerance by 
excessive diet.  These are believed to have their parallels in human 
cases, and are to be described more fully hereafter. 